The motion of one doped hole in the spin-density-wave background has been studied by the variational approach. A spin-bag solution for the doped hole has been obtained that applies in the weakand intermediate-coupling
for one to get a hint of the high-T, superconducting state through doping, starting from the magnetic insulator parent. There are two ways to approach the 2D antiferromagnetic insulating state based on the single-band Hubbard model. One is from the strong-coupling, localized limit where one gets a Mott insulator in the halffilled case with one electron per Cu site, described by the antiferromagnetic Heisenberg Hamiltonian. The alternative way is from the itinerant approach, where the insulating spin-density-wave (SDW) state is present.
In the half-filled case, the mean-field SDW ground state will approach to the exact Neel state in the strongcoupling limit. In the same limit, the collective modes obtained in the itinerant picture agree with the spinwave excitations in the antiferromagnetic Heisenberg model. It is therefore reasonable to conjecture that the validity of the itinerant approach is not only restricted in the weak-coupling limit, it could be also applied to a moderately larger-U regime where the realistic situation may be laid upon.
An essential point is the existence of the antiferromagnetic order, which presumably extends into the superconducting phase although it becomes short-range ordering.
Based on this point of view, the spin-bag mechanism is proposed by Schrieffer, Wen, and Zhang (SWZ) We denote Koo =Ko(l, l); and Ko, =Ko(!,l'), K» =K((l, l'), Kz(=K&(1, /') for I'=nearest neighbor of I (NN) in the sublattice; and so on. In Table I Fig. 1 by a solid curve, in contrast with 6 -U/2, the quasihole's lowest energy which is represented by a dotted curve. The crossed curve in Fig.   1 represents a localized spin-bag solution which has been obtained in several numerical works within the inhomogeneous mean-field approximation.
But the spin bag in the present paper is a mobile one which gains more kinetic energy and thus has lower energy as compared to the localized spin-bag solution, as Fig. 1 In the itinerant approach, the "parent" antiferromagnetic insulator is a commensurate spin-density-wave state. A hole doped into such a system will induce a local distortion surrounding it in the SDW background. Such distortion is described by the particle-hole excitations. In the weak and intermediate coupling regime ( 
it is shown that only the excitation involving one particle-hole pair which couples strongly with the doped hole is predominantly important. A spin-bag wave function is therefore constructed in this regime. The "bag" size is found quite small with its profile extending over from a center site only to its four nearest-neighbor sites.
As discussed in Sec. II, more particle-hole excitations will be involved in the spin-bag entity when U) O'. These excitations result in a spin disordering around the doped hole and make the size of the spin bag become large in the strong-coupling regime.
With obtaining a single spin-bag state, one could construct the free-spin-bag representation and discuss the effective coupling between the spin bags. Such an interaction between two spin bags (with antiparallel spin) is shown to be attractive, which is p-wave and d-wave like as the consequence of the existence of two sublattices.
The potential V [Eq. (2.10)] as a function of U has been shown by the solid curve in Fig. 2 . In the RPA the most important contribution to the attractive interaction comes from the direct exchange of the amplitude fluctuations. Figure 3 Fig. 2 which reaches a maximum around U-3t.
With the increase of U, the potential decreases as 1/U . However, the result of this paper as shown by the solid curve in Fig. 2 Fig. 4(b) . These diagrams involve the low energy spin-flip excitations. Therefore, both the strong spinbag effect and the attractive interaction between spin bags are closely related to the low-lying spin-flip excitations. But this does not imply that the itinerant approach is simply in accordance with the strong-coupling approach, as it should be pointed out that the processes of Fig. 4 Fig. 5 , which is not present in the simple RPA approach. An intuitive way to understand this interaction is to note that, while the on-site Coulomb interaction is reduced in the SDW background due to the existence of two sublattices, it is restored within the "bag" which suppresses the local antiferromagnetic ordering or sublattices in it.
Therefore, there is an extra Coulomb repulsion when two spin bags temporarily share a common bag. For this reason, the total attractive interaction is much reduced in the weak-coupling regime as compared to the RPA result, as Fig. 2 shows. On the other hand, with the increase of U, the attractive interaction is enhanced due to the contribution of the low-lying spin-flip processes appearing in the vertices.
Therefore, from the nondiagramrnatical approach in this paper, we have learned that the simple calculation based on the RPA carried out in Refs. 6 -8 is not enough and the vertex correction and higher order vertices involving spin-flip excitations should be both included to get a reliable result in a diagrammatical approach. Although our calculations are carried out in the half-filled limit where the long-range antiferromagnetic ordering is 
where Fig. 6(a) hand, the process~P ), )~~P), ) (which is orthogonal to ) ) in Figs. 6(c) Fig. 6(a) -6(d) . On the other hand, it is found that the terms corresponding to Figs. 6(c) and 6(d) do not contribute to Hk k except an exchange process which is negligible in analogy with the discussion in Appendix A. are also neglected as their contributions to Hk k are at least of order of cos I9.
Next, we consider those terms in [Hf, f) , j which give the vanishing results when acting directly on~0), which are denoted by [Hf, P) , jb. Obviously, these terms all belong to Af and appear in H& ), through the matrix ele- -sin O"sin O"U(u"-U"')(uk -Uk ) .
Thus the contribution of Fig. 9 (a) to H"' " is vanishingly small near the magnetic zone boundary as uk -Uk.
As to the three-particle-hole channel of p "&, 
There are two terms in the last set of parentheses of the above expression. The second term in (B7) comes from an exchange effect which could be shown~C(k)C(k ) and thus is negligible when~E "~,~s". (b, as discussed in Appendix A.
For the first term, it could be simplified after using the relation g'8 ( 
Therefore, the first two terms in H& k fEq. 
